1 



SEMICONDUCTOR . LASER DEVICE, MANUFACTURING 
METHOD THEREOF, AND LASER BAR LOCKING 
APPARATUS 

5 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
laser device, a manufacturing method thereof, and a laser 
bar locking apparatus . 

10 [0002] As is in many cases of semiconductor laser 

devices, a GaAs laser chip 101 is provided with protective 
films 103, 104 having a same reflectance on light emitting 
end surfaces 101a, 101b of the GaAs laser chip 101, as 
shown in Fig. 10. The reference numeral 102 in Fig. 10 

15 denotes an active layer of the GaAs laser chip 101. When 
the protective films 103, 104 have the same reflectance as 
stated above, both optical outputs from the light emitting 
end surface 101a and the light emitting end surface 101b 
are Po . 

20 [0003] . In the case where the protective films 103, 104 
are structured from A1 2 0 3 and given a refractive index of 
1.60, when the. GaAs laser chip 101 is given a refractive 
index of 3.50, a reflectance of the protective films 103, 
104 is changed by changing the film thickness thereof as 

25 shown in Fig. 11 (a laser emission wavelength X = 7800 A) . 



[0004] Regardless of. thickness of the protective films 

103, 104, the protective films 103, 104 has a reflectance 
smaller than that of the GaAs laser chip 101. In the above 
case, when the optical film thickness of the protective 
films 103, 104 is odd multiples of X/4 r the reflectance of 
the protective films 103, 104 becomes the smallest. On the 
other hand, when the optical film thickness of the 
protective films 103, 104 is integral multiples of X/2, the 
reflectance of the protective films 103, 104 becomes the 
largest and approximates most to the reflectance of the 
GaAs laser chip 101 • This is because the' refractive index 
of the protective 'films 103, 104 is smaller than the 
refractive index of the GaAs laser chip 101. It should be., 
noted that the optical film thickness is defined as a film 
thickness multiplied by. a reflectance. 

[0005] In the case where the refractive index of the 

protective films 103, 104 is larger than the refractive 
index of the GaAs laser chip 1, for example, where Si film 
is used as the protective film, the reflectance of the Si 
film becomes larger than that of the GaAs laser chip 101 
regardless of the thickness of the Si film. In the above 
case, when the optical film, thickness of the Si film is odd 
multiples of X/4, the reflectance of the Si film becomes 
the largest. On the other hand, when the optical film 
thickness of the Si film is integral multiples of X/2, the 
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reflectance of the Si film becomes the smallest and 
approximates most to the reflectance of the GaAs laser chip 
101. 

[0006] In the case of a semiconductor laser device 

5 having a high output laser with an optical output of 20mW 
or, more for example, as shown in Fig. 12, there is provided 
a protective film 113 with a reflectance smaller than the 
reflectance of a laser chip 111 on a front-side light 
emitting -end surface (main emitting face) 111a. Also, 

10 there is provided a protective film 114 with a reflectance 
larger than the reflectance of the laser chip 111 on a 
rear-side light emitting end surface 111b. Consequently, 
optical output Pf from the front-side light emitting end 
surface 111a of the laser chip 111 becomes higher than 

15 optical output Pr from the rear-side light emitting end 
surface 111b of the laser chip 111. For example, the 
protective film 113 on the light emitting end surface 111a 
is formed from A1 2 0 3 so as to have a film thickness of 
approximately 700 to 1,600 A, and the reflectance thereof 

20 is set to be approximately 15% or less. Here, a reference 
numeral 112 in Fig. 12 denotes an active layer of the laser 
chip 111. 

[0007] Also, the protective film 114 on the light 

emitting end surface 111b, if composed of one layer, cannot 
25 attain a sufficiently high reflectance even if the 



4 



refractive index thereof is larger than that of the laser 
chip 111. Therefore, the protective film 114 is composed 
of a plurality of layers. Specifically, the protective 
film 114 is composed of a first layer 114a to a fifth layer 
5 114e. The first layer 114a and the third layer 114c are 
A1 2 D 3 films with a thickness of X/4 {X: laser emission 
wavelength). The second layer 114b and the fourth layer 
114d are amorphous Si films with a thickness of X/4. The 
fifth layer 114e is an A1 2 0 3 film with a thickness of X/2. 
10 Thus, the protective film 114 attains a reflectance of 
approximately 85% or more. 

[0008] Following description discusses a conventional 

manufacturing method of semiconductor laser devices. 
[0009] First, in a semiconductor laser wafer 100 shown 

15 in Fig. 13, a cleavage line 117 is formed by scribe between 
an electrode 115 on a specified laser chip and an electrode 
115 on a laser chip adjacent to the laser chip in direction 
orthogonal to a light emitting portion (channel) 118. Then, 
the semiconductor laser wafer 100 is cleaved. This 

20 provides a laser bar (a bar of laser chips) 121 from the 
semiconductor laser wafer 100 as shown in Fig. 14. 
[0010] Next, the laser bars 121 are set into a laser bar 
locking apparatus 150 such that the electrode faces of the 
laser bars 121 are piled, as shown in Fig. 15. The laser 

25 . bars 121 are also set into the laser bar locking apparatus 
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150 such that the front-side emitting faces of all the 
laser bars 121 and the rear-side emitting faces thereof 
face in the same direction, respectively . 

[0011] Next, a protective film having a specified 

5 reflectance is formed on the light emitting end surface of 
the laser bar 121 which is locked in the laser bar locking 
apparatus 150. In this case, a vacuum depositor 170 is 
generally used as shown in Fig. 16. The vacuum depositor 
170 is equipped with a vapor source 172, a rotating holder 
10 173 for holding the above-described laser bar locking 
apparatus 150, and a crystal oscillator 174 disposed in the 
vicinity of the rotating holder 173 for monitoring 
deposition thickness of film, all of which are housed in a 
chamber 171 . 

15 [0012] Following description discusses a procedure of 

forming the protective film. 

[0013] First, gas in the chamber 171 is exhausted 

through a duct 175 so as to put the chamber 171 in a vacuum. 
When a vacuum degree in the chamber 171 reaches a specified 
20 value, an deposition material 176 in the vapor source 172 
is heated by an electron beam or the like for deposition. 
Thereby, the deposition material 17 6 is deposited on one 
light emitting end surface of the laser bar 121 to form a 
protective film. 

25 [0014] After that, the rotating holder 173 is turned 
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over by 180° rotation,, and the deposition material 176 is 
again heated by an electron beam or the like for deposition. 
Thereby, the deposition material 176 is deposited on the 
. other light emitting end surface of the laser bar 121 to 
5 form a protective film. A formation speed (deposition 
rate) of forming protective films on the both light 
emitting end surfaces of the laser bar 121 is so controlled 
as to be generally constant until completion of deposition. 
The deposition rate is controlled by a heating temperature, 

10 and therefore,, the control in the electron beam deposition 
is performed by intensity of the electron beam. In the 
case of resistance heating, it is well known that control 
of the deposition rate is performed by controlling electric 
current applied to a resistive element. Specifically, when 

15 the deposition material is A1 2 0 3 , the deposition rate is 
generally set between several to 30 A per sec. The 
deposition for the protective . film is performed while film 
thickness of the protective film is monitored by the 
crystal oscillator 174. The deposition is terminated when 

20 the. film thickness of the protective film reaches a 
specified film thickness. 

[0015] In the case where a protective film is formed on 

an end surface of a laser chip by deposition, a partial 
pressure of oxygen molecules rises immediately after start 
25 of deposition, the oxygen molecules being generated from 
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oxide (A1 2 0 3 ) as a material for the protective film. There 
is a high possibility that a . damage is caused on the end 
surface of the laser chip since the oxygen molecules 
collide with or bond to the end surface of the laser chip. 
5 Also, the damage is further increased if an active layer of 
the laser chip or an adjacent layer of the active layer is 
made of any compositions including aluminum. Therefore, a 
reliability has not been ensured when the semiconductor 
laser device manufactured according to the above-stated is 

10 so operated as to obtain a high output. 

[0016] For a solution of such a problem as the above, a 

laser chip 111 as shown in Fig. 17 has been proposed.. A Si 
thin film 123 of about 20 A in thickness is deposited on a 
front-side light emitting end surface 111a of the laser 

15 chip 111, and thereafter the protective film 133 is formed 
on the Si thin film 123. In this case, the Si thin film 
123 is first formed, decomposition of which does not 
generate oxygen during deposition. Therefore, in the state 
of low partial pressure of oxygen, film formation in the 

20 vicinity of the end surface of the laser chip 111 may be 
performed since immediately after start of deposition. As 
a result, the above-described damage on the vicinity of the 
end surface can be advantageously restrained and 
reliability in high output operation is fully ensured. 

25 [0017] The semiconductor laser device of Fig. 17 is 
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provided with gold electrodes 115, 116 on the upper face 
and the lower face of the laser chip 111 as shown in Figs. 
18A and 18B. 

[0018] The gold electrode 115 on the upper face of the 

5 laser chip 111 is formed to have such a pattern that the 
width on the side of the light emitting end surface 111a is 
smaller than the width on the side of the light emitting 
end surface 111b. This pattern is for distinguishing the 
front-side light emitting end surface 111a of the laser 

10 chip 111 from the rear-side light emitting end surface 111b 
of the laser chip 111. The gold electrode 115 is formed to 
be smaller than the upper face of the laser chip 111, and 
the peripheral edge of the gold electrode 115 is not 
overlapped with the peripheral edge of the upper face of 

15 the laser chip 111. 

[0019] The surface of the gold electrode 116 on the 

lower face of the laser chip 111 becomes a die bond face to 
cover the entire lower face of the laser chip 111. In 
other words, the gold electrode 116 is a so-called allover 

20 gold electrode. In this case, since the gold electrode 116 
is the allover electrode, the gold electrode 116 and the Si 
thin film 123 come into contact at a point A as shown in 
Fig. 18B. As a result, as shown in Figs. 19A to 19C, gold 
in the gold electrode 116 may diffuse toward the Si thin 

25 film 123 due to heating in deposition of Si. Diffusion 
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areas 119, 120 of gold are shown in Figs . 19B and 19C, 
respectively. 

[0020] When the thickness of the . Si thin film 123 is 

around 40 A, in most cases, the gold diffusion area 120 
5 extends to a light emitting point 124 as shown in Fig. 19C. 
Also, even when the thickness of the Si thin film 123 is 
around 20 A as shown in Fig. 19C, the gold diffusion area 
119 may extend to the light emitting point 124. 
[0021] When the gold diffusion areas 119, 120 extend to 

10 the light emitting point 124 as described above, a maximum 
optical output value (so-called COD (Catastrophic Optical 
Damage) level) becomes about half of that or. lower in the 
case of no gold diffusion. This causes a problem of 
considerably degraded reliability of the laser chip 111 as 

15 shown in Figs. 2 OA and 2 0B. 

[0022] As a solution of this problem, gold in. the 

peripheral part of the gold electrode 116 is removed, so 
that the gold electrode 116 does not come into contact with 
the Si thin film 123 like the gold electrode 115 on the 

20 upper face of the laser chip 111. However, operations for 
removing gold in the peripheral part of the gold electrode 
116 are complex to require time and cost. 

SUMMARY OF THE INVENTION 
25 [0023] An object of the present invention is to provide 
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a semiconductor laser device, a manufacturing method 
thereof, and a laser bar locking apparatus, capable of 
. preventing decrease in a maximum optical output value and 
. increasing reliability of semiconductor laser chips. 
5 [0024] The present invention provides a semiconductor 

laser device comprising: 

a semiconductor laser chip having an active layer 
and an allover electrode, the .allover electrode forming a 
lower face of the semiconductor laser chip; 
10 a Si thin film formed on a light emitting end 

surface of the semiconductor laser .chip; 

a protective film having a specified reflectance 
and formed on the Si thin film, wherein 

the Si thin film. is comprised of an upper Si thin 
15 film formed on an upper portion of the light emitting end 
surface and a lower Si thin film formed on a lower portion 
of the light emitting end surface, 

the upper Si thin film covers an end of the 
active, layer and the lower Si thin film covers an end of 
20 the allover electrode, and 

the lower Si thin film is smaller in thickness 
than the upper Si thin film. 

[0025] According to the above configured semiconductor 

laser device, the film thickness of the lower Si thin film 
25 formed on the lower portion of the light emitting end 
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surface in the semiconductor laser chip is smaller than the 
upper Si thin film formed on the upper portion of the light 
emitting end surface in the semiconductor laser chip. 

Therefore, the small film thickness of the lower Si 
5 thin film restrains a constituent element of the allover 
electrode from diffusing toward the upper Si thin film 
which covers the active layer. In other words, the 
constituent element of the allover electrode does not 
diffuse into the upper Si thin film covering the active 
10 layer when the lower Si thin film is small in thickness. 

Therefore, no extreme decrease of the maximum optical 
output value occurs and therefore reliability of the 
semiconductor laser device is increased. 

[0026] In one embodiment of the present invention, the 

15 lower Si thin film is 10 A or less in thickness. 

[0027] In one embodiment of the present invention, the 

Si thin film is formed only by the upper Si thin film, and 
the protective film is formed in an interception area of 
the lower Si thin film on .the lower portion of the light 
2 0 emitting end surface. 

[0028] According to the above configured semiconductor 

laser device, only the upper Si thin film is formed on the 
upper light emitting end surface of the semiconductor laser 
chip, but the lower Si thin film is not formed on the lower 
25 light emitting end surface of the semiconductor laser chip. 
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In the interception area of the lower Si thin film on the 
lower portion of the light emitting end surface, the 
protective film is formed, 

[0029] Therefore, a constituent element of the allover 

5 electrode does not diffuse toward the upper Si thin film 
covering the active layer. Therefore, no extreme decrease 
of the maximum optical output value occurs and therefore 
reliability of the semiconductor laser device is increased, 
[0030] In one embodiment of the present invention, the 

10 interception area is connected to the lower face of the 
semiconductor laser chip. 

[0031] In one embodiment of the present invention, the 

allover electrode is made of gold. 

[0032] The present invention also provides a 

15 manufacturing method of a semiconductor laser device 
including: 

a semiconductor laser chip having an active layer 
and an allover electrode, the allover electrode forming a 
lower face of the semiconductor laser chip; 
20 a Si thin film formed on a light emitting end 

surface of the . semiconductor laser chip; 

a protective film having a specified reflectance 
and formed on the Si thin film, wherein 

the Si thin film is comprised of an upper Si thin 
25 film formed on an upper portion of the light emitting end 
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surface and a lower Si thin film formed on a lower portion 
of the light emitting end surface, 

the upper Si thin film covers an end of the 
active layer and the lower Si thin film covers an end of 
the allover electrode, 

the lower Si thin film is smaller in thickness 
than the upper Si thin film, 

the manufacturing method of the semiconductor 
laser device comprising the step of 

shielding the lower portion of the light emitting 
end surface by using a shielding member when the Si thin 
film is formed. 

[0033] The present invention also provides a laser bar 

locking apparatus for locking a laser bar, the laser bar 
having an active layer of laser chips and an allover 
electrode forming a lower face of the laser chips, the 
laser bar locking apparatus comprising: 

a flat portion for mounting the laser bar thereon 
by contacting the allover electrode with the flat portion; 
and 

a shielding portion provided on a side of the 
flat portion in such a manner that the shielding portion is 
located lower than a position of the active layer so as to 
shield a lower portion of a light emitting end surface of 
the laser chips in the laser bar. 
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[0034] In one embodiment of the present invention, the 

flat portion is provided with a vacuum suction hole for 
locking the laser bar by sucking air in the vacuum suction 
hole. 

5 [0035] In one embodiment of the present invention, a 

width of the flat portion is a length obtained by adding 

approximately 50 pm to 80 [im to a length of a resonator of 
the laser chip. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The present invention will become more fully 

understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the 

15 present invention, and wherein: 

[0037] Fig. 1A is a perspective view, showing a laser bar 
locking apparatus in an embodiment 1 of the present 
invention, while Fig. IB is a schematic cross sectional 
view showing the laser bar locking apparatus; 

20 [0038] Fig. 2 is a schematic cross sectional view 

showing a CVD film forming apparatus; 

[0039] Figs. 3A to 3C are process charts showing a 

manufacturing method of a semiconductor laser device in the 
embodiment 1 of the present invention; 
25 [0040] Figs. 4A and 4B are explanatory views showing a 
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method of removing an unnecessary Si thin film; 
[0041] Fig. 5 is a schematic cross sectional view 

showing the semiconductor laser device in the embodiment 1 
of the present invention; 

[0042] Fig. 6 is schematic cross sectional view showing 

a modified example of the semiconductor laser device in the 
embodiment 1 of the present invention; 

[0043] Figs. 7A to 7C are process charts showing a 

manufacturing method of a semiconductor laser device in an 
embodiment 2 of the present invention; 

[0044] Fig. 8 is a schematic cross sectional view 

showing the semiconductor laser device in the embodiment 2 
of the present invention; 

[0045] Fig. 9 is a perspective view showing a laser bar 

locking apparatus in an embodiment 3 of the present 
invention; 

[0046] Fig. 10 is a schematic cross sectional view 

showing a conventional semiconductor laser device; 

[0047] Fig.. 11 is a graph showing relationship between a 
reflectance of a protective film and a film thickness of 
the protective film; 

[0048] Fig. 12 is a schematic cross sectional view 

showing another conventional semiconductor laser device; 
[0049] Fig. 13 is a perspective view showing a 

semiconductor laser wafer; 
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[0050] Fig. 14 is a perspective view showing the 

semiconductor laser wafer of Fig. 13 after divided; 
[0051] Fig. 15 is a perspective view showing a 

conventional laser bar locking apparatus; 
5 [0052] Fig. 16 is a schematic cross sectional view 

. showing a vacuum depositor; 

[0053] Fig. 17 is a view showing a modified example of 

the semiconductor laser device of Fig. 12; 

[0054] Fig. 18A is a perspective view showing the 

10 semiconductor laser device of Fig. 17, while Fig. 18B is a 
schematic cross sectional view showing the semiconductor 
laser device; 

[0055] Figs. 19A to 19C are explanatory views showing 

diffusion of gold caused by heating during deposition; and 
15 [0056] Figs. 20A and 20B are graphs showing a maximum 

optical output value. 

DETAIDED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0057] Description is hereinbelow given of a 

20 manufacturing method of the semiconductor laser device in 
embodiments of the present invention. 
Embodiment 1 

[0058] Upon describing an embodiment 1 of the present 

invention, drawings used in the background of the invention 
25 are employed. 
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[0059] First, as shown in Fig. 1A, a laser bar 21 

obtained from a laser wafer by cleaving is mounted on a 
flat portion 51 of. a laser bar locking apparatus 50. At 
this point, the laser, bar 21 is mounted on the flat portion 
5 51 such that a gold electrode 5 provided on the upper face 
of the laser bar 21 is upward. Consequently, an allover 
electrode 26 made of gold provided, on the lower face of the 
laser bar 21 (see Fig. 3A) is brought into contact with the 
flat portion 51. On the both sides of the flat portion 51, 

10 there are provided a plurality of shielding walls 52 as 
shielding members. Also as shown in Fig. IB, the height H 
of the shielding wall 52 is designed to be lower than the 
height of a light emitting layer 22 of the laser bar 21. 
The active layer 22 is made of GaAlAs . That is to say, the 

15 composition of the active layer 22 contains aluminum. 

[0060] Next, as shown in Fig. 2, the laser bar locking 

apparatus 50 on which the laser bar 21 is set is mounted on 
a film forming stage 72 inside a film forming chamber 71 of 
a CVD film forming apparatus 70. 

20 [0061] Next, on light emitting end surfaces 21a, 21b of 

the laser bar 21, there are sequentially formed Si thin 
films 27, 28 and protective films 23, 24 as shown in Figs. 
3A to 3C. 

[0062] Hereinbelow, formation of the Si thin films 27, 

25 28 is described in detail. 
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[0063] As shown in Fig. 3A, firstly, Si thin films 27, 

28 are deposited on the light emitting end surfaces 21a, 
21b of the laser bar 21 at a film formation rate of 1 A/sec 
or less by using the CVD apparatus 70 shown in Fig. 2 so 
that film thicknesses of the Si thin films 27, 28 become 
approximately 20 A. During deposition, lower portions 21a' , 
21b' of the light emitting end surfaces 21a, 21b are 
shielded by the shielding wall 52 of the laser bar locking 
apparatus 50. - Therefore, the Si thin film is less formed 
on the lower portions 21a', 21b'. Consequently, thickness 
of the Si thin films 27, 28 on the lower portions 21a', 
21b' becomes around 10 A or less. On the other hand, the 
film thickness of the Si thin films 27, 28 on upper 
portions of the light emitting end surfaces 21a, 21b is 
approximately 2 0 A, as stated above. 

[0064] Thus, the Si thin films 27, 28 are deposited by 

CVD method, and therefore, the Si thin films 27, 28 are 
formed in the state of relatively low partial pressure of 
oxygen. This prevents deterioration due to oxidation on 
the light emitting end surfaces 21a, 21b. 

[0065] The Si thin films 27,. 28 and the all-over 

electrode 2 6 come into contact with each other at the point 
A, as shown in Fig. 3A. However, the film thickness of the 
Si thin films 27, 28 on the lower portions 21a', 21b' is 
around 10 A or less and thinner than that (approximately 20 
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A) on the upper portions. In the Si thin films 27, 28 of 
10 A thickness on the lower portions 21a' , 21b f , therefore, 
heating during deposition of Si does not cause diffusion of 
gold of the allover electrode 26 into the Si thin films 27, 
28. As a result, the gold of the allover electrode 26 may 
be prevented from diffusing into the Si thin films 27, 28. 
[0066] When the Si thin films 27, 28 are formed, a Si 

thin film 29 is also formed, as not shown in Figs. 3A to 3C 
but shown in Fig. IB. However, the Si thin film 29 to be 
formed on a gold electrode 5 is an unnecessary film that 
should be removed. After completion of all the film 
forming, the Si thin film 29 is removed, and removing 
method of the Si thin film 29 will be described later. 
[0067] After the Si thin films 27, 28 is completely 

formed, all the protective films are formed by the vacuum 
deposition method. 

[0068] First, a laser bar locking apparatus 50 shown in 

Fig. 1 is put out from the CVD apparatus 70 shown in Fig. 2, 
and the laser bar 21 is detached from the laser bar locking 
apparatus 50. 

[0069] After that, a plurality of laser bars 21 are set 
into the conventional laser bar locking apparatus 150 shown 
in Fig. 15 so that electrode faces of the laser bars 21 are 
piled. At this point, all the laser bars 21 are set in the 
laser bar locking apparatus 150 such that the front-side 
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light emitting end surfaces (main light emitting face) 21a 
face in the same direction. 

[0070] Next, by using the vacuum depositor 170 shown in 
Fig. 16, a protective film having a specified reflectance 
5 is formed on the light emitting end surfaces 21a, 21b of 
the laser bars 21 which are locked in the conventional 
laser bar locking apparatus 150 shown in Fig. 15. At a 
first stage, the conventional laser bar locking apparatus 
150 is set onto the rotating holder 173 inside the chamber 
10 171 so that the light emitting end surface 21a of the laser 
bar 21 faces the vapor source 172. 

[0071] Then, the gas inside the chamber 171 is exhausted 
via the duct 175. When inside of the chamber 171 attains a 
specified degree of vacuum, an deposition material 176 is 
15 evaporated from the vapor source 172. As a result, 
protective films 23, 24 are formed as shown in Figs. 3B and 
3C. 

[0072] Heireinbelow, detailed description is given of 

formation of the protective films 23, 24. 

20 [0073] As shown in Fig. 3B, the protective film 23 is 

formed on the Si thin film 27 in front of the laser bar 21 
so as to have a specified film thickness. In the case of 
the protective film 23 made of A1 2 0 3 , in other words, in 
the case where the deposition material 176 is A1 2 0 3 , the 

25 film forming rate of around 30 A/sec or less is appropriate. 
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[0074] During formation of the protective film 23, 

oxygen is generated by decomposition of the deposition 
material 176, which rises partial pressure of oxygen. 
However, as described before, the Si thin film 27 is. 
5 already formed on the light emitting end surface 21a, so 
that oxygen does not directly collide with or bond to the 
laser light emitting end surface 21a. 

[0075] Next, after complete formation of the protective 

film 23 on the front side of the laser bar 21, the rotating 

10 holder 173 shown in Fig. 16 is turned over by 180° rotation 
so that the light emitting end surface 21b faces the vapor 
source 172. Then, as shown in Fig. 3C, the protective film 
24 is formed so as to have a specified film thickness on 
the light emitting end surface 21b on the rear side of the 

15 laser bar 21. The method of forming the protective film 24 
is substantially identical to the above-described method of 
forming the protective film 23. 

[0076] It is noted that the Si thin films 27, 28 are 

interposed between the laser bar 21 and the protective 

20 films 23, 24, respectively. The protective films 23, 24 
may cause change in characteristic of the reflectance shown 
in Fig. 11. However, its change is negligible because 
thickness of the Si thin films 27, 28 is approximately 20 A 
and therefore sufficiently small. In addition, even if the 

25 characteristic of reflectance is changed, it is possible to 
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obtain a desired reflectance, by properly adjusting the 
thickness of the protective films 23, 24. 

[0077] The Si thin film 29 shown in Fig. IB is an 

unnecessary film and removed after the protective film 23 
5 is formed on the. Si thin films 27, 28 as briefly described 
above . 

[0078] Specifically, for removing the Si thin film 29, 

first, after formation of all the protective films 27, 28 
are completed, all the laser bars 21 (121 in Fig. 15) are 
10 detached from the conventional laser bar locking apparatus 
150 shown in Fig. 15. 

[0079] Next, as shown in Fig. 4A, an end surface 

protection material 11 such as resist or wax is slightly 
applied onto a substrate 10 made of glass, Si or the like. 

15 Thereafter, the laser bar 21 is placed on the end surface 
protection material 11. Then, the end surface protection 
material 11 naturally climbs up on the surface of the 
protective film 23, 24, so that the protective films 23, 24 
are protected by the end surface protection material 11. 

20 [0080] Next, after hardening the end surface protection 

material 11, the unnecessary Si thin film 2 9 on the gold 
electrode 5 is removed as shown in Fig. 4B by a wet etching 
method or the like. 

[0081] Finally, the end surface protection material 11 

25 is removed, and the laser bar 21 is detached from the 
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substrate 10. 

[0082] Thus, a plurality of the semiconductor laser 

devices of the present embodiment 1 are obtained by 
dividing the laser bars 21 which are so formed as to have 
the Si thin films 27, 28 and the protective films 23, 24 as 
described above. 

[0083] Fig. 5 is a schematic cross sectional view 

showing a semiconductor laser device which is made in the 
same- way as the above stated. 

[0084] The semiconductor laser device is constituted of 

a semiconductor laser chip 1, Si thin films 7, 8 formed on 
light emitting end surfaces la, lb of the semiconductor 
laser chip 1, and protective films 3, 4 having a specified 
reflectance and formed on the Si thin films 7, 8. 
[0085] The semiconductor laser chip 1 has an active 

layer 2 made of GaAlAs . Also, a gold electrode 5 patterned 
to a specified shape is provided on the upper face of the 
semiconductor laser chip 1. An allover electrode 6 made of 
gold is provided on the lower face of the semiconductor 
laser chip 1. 

[0086] The Si thin films 7, 8 located on upper portions 

of the light emitting end surfaces la, lb and covering an 
end of the active layer 2 are defined as first Si thin 
films 7a, 8a, respectively. Also, the Si thin films 7, 8 
located on lower portions of the light emitting end 
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surfaces la, lb are defined as second Si thin films 7b, 8b, 
respectively. The second Si thin films 7b, 8b are formed 
to be thinner than the first Si thin films 7a, 8a, 
respectively. 

[0087] Specifically, for example, film thickness of the 

first Si thin films 7a, 8a is approximately 20 A, and film 
thickness of the second Si thin films 7b, 8b is around 10 A 
or less, 

[0088] In this semiconductor laser device, gold does not 
diffuse into the Si thin films 7, 8 as described above with 
reference to Fig. 19A. This prevents the maximum optical 
output value from extremely decreasing, and thereby ensures 
high reliability of the semiconductor laser chip 1, 
[0089] In the embodiment 1 of the present invention, the 
second Si thin films 7b, 8b are formed on the lower 
portions of the light emitting end surfaces la, lb. 
However, the second Si thin films 7b, 8b are not 
necessarily indispensable. In other words, as shown in Fig. 
6, only the first Si thin films 7a, 8a may be provided 
without the second Si thin films 7b, 8b. In this case, the 
semiconductor laser device of Fig. 6 is also free from 
extreme decrease of the maximum optical output value. 
Therefore, high reliability of the semiconductor laser chip 
1 is also obtained. 
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Embodiment 2 

[0090] A semiconductor laser device according to an 

embodiment 2 is identical to the semiconductor laser device 
of the embodiment 1 except that the reflectances of the 
both end portions are different from each other. In other 
words, the semiconductor laser device of the embodiment 2 
has two end portions which are asymmetric to be different 
in reflectance. Such a semiconductor laser device is 
usually used for high output lasers, and typically has a 
single-layered film of low reflection and a multilayered 
film of high reflection. 

[0091] For example, in the case of a high output laser 

having an optical output of approximately 20W or more, so 
as to increase the optical output from a main emitting face 
of the laser, a side of the main emitting face is designed 
to have low reflection while the opposite side to the main 
emitting face is designed to have high reflection. In the 
case . that A1 2 0 3 and Si are used as protective film 
materials, a protective film on the main emitting face is 
generally formed by a single-layered film of A1 2 0 3 so as to 
have a low reflectance of approximately 15% or less. More 
particularly, if a refractive index of the A1 2 0 3 film is 
1.60, a refractive index of the laser chip is 3.50, and an 
emission wavelength is X =7, 800 A, then Fig. 11 can be 
applied and shows that the film thickness of a protective 
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film corresponding to the reflectance of approximately 15% 
or less is equal to approximately 700 A to 1,600 A. 
[0092] Figs. 7A to 7C are process charts showing a 

manufacturing method of the semiconductor laser device 
5 according to the embodiment 2 of the present invention. 
Fig. 8 is a schematic cross sectional view showing the 
semiconductor laser device. 

[0093] In Figs. 7A to 7C and Fig. 8, component members 

identical to the component members shown in Figs. 3A to 3C 
10 and Fig. 5 are designated by reference numerals identical 
to those of Figs. 3A to 3C and Fig. 5. Description thereof 
will be omitted or simplified. 

[0094] In Figs. 7A to 7C, a method of forming a Si thin 

film 2 7 and a protective film 23 on the main emitting face 

> 

15 is totally identical to the method thereof in the 
embodiment 1. After the protective film 23 on the main 
emitting face is formed, the rotating holder 173 shown in 
Fig. 16 is turned over by 180° rotation. 

[0095] Next, a multilayered high reflection protective 

20 film 44 is formed on the opposite side of the main emitting 
face on which the protective film 23 is formed. The 
multilayered high reflection protective film 44 is composed 
of a first layer 44a, a second layer 44b, a third layer 44c, 
a fourth layer 44d, and a fifth layer 44e. 
25 [0096] The first layer 44a made of an . A1 2 0 3 film is 
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formed on , a Si thin film 28 in the same way as the 
embodiment 1. Next, the second layer 44b made of a Si film 
is formed on the first layer 44a, and then, the third layer 
44c made of an A1 2 0 3 film is formed on the second layer 44b. 
5 Next, the fourth layer 44d made of a Si film is formed on 
the third layer 44c, and finally, the fifth layer 44e made 
of an A1 2 0 3 film is formed on the fourth layer 44d. - 
[0097] . Fig. 8 shows a semiconductor laser device 1 

manufactured in the manufacturing process shown in Figs. 7A 

10 to 7C. A multilayered high reflection protective film 34 
is made up of a first layer 34a to a fifth layer 34e on a 
Si thin film 8 on the rear side of the semiconductor laser 
chip 1. The first layer 34a and the third layer 34c are 
made of an A1 2 0 3 film corresponding to the thickness of 1/4. 

15 The second layer 34b and the fourth layer 34d are made of a 
Si film corresponding to the thickness of X/4. The fifth 
layer 34e is made of an A1 2 0 3 film corresponding to the 
thickness of X/2 . Thus, the reflectance of the 

multilayered high reflection protective film 34 is as high 

20 as approximately 85% or more. 

Embodiment 3 

[0098] In an embodiment 3, the laser bar locking 

apparatus 50 described in the embodiment 1 is. modified for 
25 improvement thereof. 
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[0099] A laser bar locking apparatus 60 in the 

embodiment 3 is shown in Fig. 9 where component members 
identical to those shown in Fig. 1 are designated by 
reference numerals identical to those of Fig. 1. 
Description of the component members identical to those 
shown in Fig. 1 will be omitted or simplified. 
[0100] As shown in Fig. 9, the laser bar locking 

apparatus 60 has a flat portion. 61 provided between 
shielding walls 62 for setting a laser bar 21. The flat 
portion 61 is provided with a vacuum suction hole 63 to 
lock the laser bar 21 by sucking air in the vacuum suction 
hole 63. 

[0101] For example, when a wafer having a thick GaAs 

layer is divided into a plurality of the laser bars 21, the 
laser bar 21 may be curved. However, curvature of the 
laser bar 21 is corrected by sucking the laser bar 21 to be 
locked on the flat portion 61. This correction in 
/curvature of the laser bar 21 makes it possible to ensure 
formation of the Si thin films on all the end faces of the 
laser bars 21 . 

[0102] In the laser bar locking apparatus 60 of the 

embodiment 3, preferably, a width of the flat portions 61 
has a value obtained by adding approximately 50 |im to 80 jam 
to a resonator length of a semiconductor laser chip. 

[0103] Similarly, a width W of the flat portions 51 of 
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the laser bar locking apparatus 50 in the embodiment 1 also 

has a value obtained by adding approximately 50 |im to 80 |im 
to a resonator length of a semiconductor laser chip. 
[0104] When the width of the flat portions 51, 61 

5 exceeds 8 0 nm, much more Si gets to the lower light 
emitting end surfaces 21a', 21b' shown in Fig. 3A for 
example. Thereby, thickness of the Si thin film 27 
laminated on the lower light emitting end surfaces 21a', 
21b' may become 20 A or more. Accordingly, gold in the 

10 allover electrode 2 6 may diffuse into the active layer 22 
(light emitting point) of the semiconductor laser chip 21. 
[0105] In the case where the width of the flat portions 

51, 61 is less than 50 |xm, an interval between the 
shielding walls 52, 62 and the laser bar 21 becomes too 

15 small to set the laser bars 21 on the flat portions 51, 61. 

Therefore, the light emitting end surfaces 21a, 21b of the 
laser bar 21 easily damaged. 

[0106] Si used in the embodiments 1 to 3 is preferably 

99.99% or more in purity. 
20 [0107] Si0 2 or Ti0 2 may be used as a protective film 

material, instead of A1 2 0 3 . 

[0.108] The invention being thus described, it will be 

obvious that the invention may be varied in many ways. 
Such variations are not be regarded as a departure from the 
25 spirit and scope of the invention, . and all such 
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modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the 
following claims. 



